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In this contribution, our analysis on UE features for NR coverage enhancement is provided. The discussion is based on  the updated RAN1 UE features list for Rel-17 NR after RAN1 #107-e in [1].
Discussion 
Enhanced PUSCH Type A repetitions
Increased maximum number of PUSCH Type A repetitions
For UE feature groups FG 30-1 and 30-1a, there are FFS points about whether to merge them or introduce a separate FG for CG. In our view, there is no need two separate UE FGs as there is no complexity difference to support increased maximum number of repetitions between DG and CG PUSCH. 
· For DG PUSCH repetition, a UE can support determination of increased maximum number of repetition either dynamically (if included in the TDRA table) or semi-statically (otherwise). Thus, it a UE can support increased maximum repetition number for DG, it would be also able to support for CG including both type 1 and type 2. 
· This is similar as Rel-16 URLLC FG 11-5/11-6, where only one FG is introduced for dynamic PUSCH repetition indication for both DG and CG PUSCH. 
Based on above, we propose to merge FG 30-1 and FG 30-1a, with modifying the components similar to that of FG 11-6. In such case, the prerequisite FG should be updated correspondingly. Regarding the reporting type, we think per UE reporting is sufficient. 
Proposal 1: Merge FG 30-1 and FG 30-1a with the following revisions. 
	Index
	Feature group
	Components
	Prerequisite feature groups
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)

	30-1
	Increased maximum number of dynamic grant PUSCH Type A repetitions
	K = 1, 2, 3, 4, 7, 8, 12, 16, 20, 24, 28, 32 times repetitions.
The number of repetitions is indicated in a TDRA list. A row index of the TDRA list is indicated by a DCI.
When dynamically indicated, the number of repetitions is jointly coded with SLIV in TDRA table, by adding an additional column for the number of repetitions in the TDRA table.
When semi-statically indicated, the number of repetitions is determined by RRC configuration. 
	[5-17]
One of {5-14, 11-6}
	[Per UE]

	30-1a
	Increased maximum number of Type 2 configurecd grant PUSCH Type A repetitions
	K = 1, 2, 3, 4, 7, 8, 12, 16, 20, 24, 28, 32 times repetitions.
The number of repetitions is indicated in a TDRA list. A row index of the TDRA list is indicated by a Type 2 configured grant configuration.
FFS whether to merge with FG 30-1
FFS whether to have a separate FG for CG (including both Type 1 and Type 2) with repK-r17
	[5-16], [30-1]
	[Per UE]



Counting based on available slots
Similar as Proposal 1, we propose to merge FG 30-2 and FG 30-2a. The prerequisite FG is not needed as legacy FG is based on counting by physical slots. Regarding the reporting type, we think per UE reporting is sufficient. As for the ‘Need of FDD/TDD differentiation’, the determination of available slot for TDD and FDD is different according to the discussion in AI 8.8.1.1. However, we don’t see much difference from UE complexity point of view. 
Proposal 2: Merge FG 30-2 and FG 30-2a with the following revisions. 

	Index
	Feature group
	Components
	Prerequisite feature groups
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation

	30-2
	Dynamic grant PUSCH Type A repetitions based on available slots
	Transmission occasions for K repetitions are determined on the basis of available slots.
	[5-17]
	[Per UE]
	FFS No

	30-2a
	Configurecd grant PUSCH Type A repetitions based on available slots
	Transmission occasions for K repetitions for configured grant PUSCH are determined on the basis of available slots. 
FFS whether to merge with FG 30-2
	[5-14 or 5-16], [30-2]
	[Per UE]
	FFS No



TBoMS
For UE FG 30-3 for TBoMS, we agree with that one FG for both DG and CG is sufficient. But it’s better to further clarify that it only includes CG type 2 for CG as CG type 1 is not supported for TBoMS based on the agreements in AI 8.8.1.2. In addition, we don’t think the prerequisite FG is needed as FG 11-6 is for single TB operation and TBoMS only borrows part of the features from FG 11-6, i.e., the time domain location, while not others e.g., RV design. Regarding the reporting type, we think per UE reporting is sufficient. As for the ‘Need of FDD/TDD differentiation’, the behavior for TDD and FDD is different according to the discussion in AI 8.8.1.2. However, we don’t see much difference from UE complexity point of view. 
For UE FG 30-3a, we are ok to keep it as a separate FG. 
As a result, we have the following proposal. 
Proposal 3: For FG 30-3 for TBoMS, no prerequisite FG is needed and per UE reporting is sufficient.
	Index
	Feature group
	Components
	Prerequisite feature groups
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation

	30-3
	TB processing over multi-slot PUSCH
	Support of TB processing over multi-slot PUSCH for DG and CG type 2 in RRC connected mode.
FFS whether to split FG 30-3 into at least 2 separate FGs: 1st one for DG, 2nd one for CG
	[11-6]
	[Per UE]
	FFS No

	30-3a
	Repetition of TB processing over multi-slot PUSCH
	Support repetition of TB processing over multi-slot PUSCH in RRC connected mode.
FFS whether to merge with FG 30-3
	TBD 30-3
	[Per UE]
	FFS No



DM-RS bundling among PUSCH/PUCCH transmissions
Regarding DMRS bundling among PUSCH/PUCCH transmissions, the current FG structures for FG 30-4 and 30-4a~g well reflects the discussion among companies. Basically, separate FGs are needed for PUSCH repetition type A, type B, TBoMS, and PUCCH repetitions. In addition, as it has been agreed to support as a separate FG for DMRS bundling among non-back-to-back transmissions in AI 8.8.1.3, we suggest to add one FG for DMRS bundling among non-back-to-back transmissions for all cases. 
Regarding the ‘Need of FDD/TDD differentiation’, the behavior for TDD and FDD is different for DMRS bundling among PUSCH repetition type A and TBoMS, i.e., FG 30-4a and FG 30-4c. Because they can support the number of repetitions/slots counting based on available slot, which is determined differently between TDD and FDD. 
Proposal 4: Keep current FG structures for DM-RS bundling for back-to-back PUSCH/PUCCH transmissions, and additionally add one FG 30-4h for DMRS bundling among non-back-to-back transmissions, which includes PUSCH repetition type A, type B, TBoMS, and PUCCH repetitions. 
· The prerequisite of FG 30-4h is one of {30-4a, 30-4b, 30-4c, 30-4d}.
· ‘Need of FDD/TDD differentiation’ is ‘Yes’ for FG 30-4a and FG 30-4c, and ‘No’ for other FGs for DMRS bundling.
Dynamic PUCCH repetitions
We think that one single FG is sufficient for all PUCCH formats. Different PUCCH formats may target different use cases, while there is no difference among different PUCCH formats from implementation complexity point of view. Therefore, we have the following proposal. 
Proposal 5: Adopt the following revisions for FG 30-5 for dynamic PUCCH repetition. 
	Index
	Feature group
	Components
	Prerequisite feature groups
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)

	30-5
	Slot based dynamic PUCCH repetition indication
	Support slot based dynamic PUCCH repetition indication for PUCCH formats 0/1/2/3/4
support slot based dynamic PUCCH repetition for PUCCH formats 0/1/2/3/4
FFS whether to split FG 30-5 into 2 FGs; one for PUCCH formats 0/2 and the other for PUCCH formats 1/3/4
	4-23 and/or 25-2
	[Per UE]



Msg3/CFRA PUSCH repetition
[bookmark: _GoBack]In RAN1#107-e, it was agreed to introduce FG 30-6 for repetition of Msg3 and CFRA PUSCH. Regarding the reporting type, we think per UE reporting is sufficient. As for the ‘Need of FDD/TDD differentiation’, we don’t see much difference from UE complexity point of view. 
Proposal 6: Adopt the following revisions for FG 30-6 for Msg3 PUSCH repetition. 
	Index
	Feature group
	Components
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation

	30-6
	Repetition of PUSCH transmission scheduled by RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI
	Support of repetition of PUSCH transmission scheduled by RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI 
	[Per UE]
	FFS No




Conclusion
Based on the discussion, we have the following proposals. 
Proposal 1: Merge FG 30-1 and FG 30-1a with the following revisions. 
	Index
	Feature group
	Components
	Prerequisite feature groups
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)

	30-1
	Increased maximum number of dynamic grant PUSCH Type A repetitions
	K = 1, 2, 3, 4, 7, 8, 12, 16, 20, 24, 28, 32 times repetitions.
The number of repetitions is indicated in a TDRA list. A row index of the TDRA list is indicated by a DCI.
When dynamically indicated, the number of repetitions is jointly coded with SLIV in TDRA table, by adding an additional column for the number of repetitions in the TDRA table.
When semi-statically indicated, the number of repetitions is determined by RRC configuration. 
	[5-17]
One of {5-14, 11-6}
	[Per UE]

	30-1a
	Increased maximum number of Type 2 configurecd grant PUSCH Type A repetitions
	K = 1, 2, 3, 4, 7, 8, 12, 16, 20, 24, 28, 32 times repetitions.
The number of repetitions is indicated in a TDRA list. A row index of the TDRA list is indicated by a Type 2 configured grant configuration.
FFS whether to merge with FG 30-1
FFS whether to have a separate FG for CG (including both Type 1 and Type 2) with repK-r17
	[5-16], [30-1]
	[Per UE]



Proposal 2: Merge FG 30-2 and FG 30-2a with the following revisions. 
	Index
	Feature group
	Components
	Prerequisite feature groups
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation

	30-2
	Dynamic grant PUSCH Type A repetitions based on available slots
	Transmission occasions for K repetitions are determined on the basis of available slots.
	[5-17]
	[Per UE]
	FFS No

	30-2a
	Configurecd grant PUSCH Type A repetitions based on available slots
	Transmission occasions for K repetitions for configured grant PUSCH are determined on the basis of available slots. 
FFS whether to merge with FG 30-2
	[5-14 or 5-16], [30-2]
	[Per UE]
	FFS



Proposal 3: For FG 30-3 for TBoMS, no prerequisite FG is needed and per UE reporting is sufficient.
	Index
	Feature group
	Components
	Prerequisite feature groups
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation

	30-3
	TB processing over multi-slot PUSCH
	Support of TB processing over multi-slot PUSCH for DG and CG type 2 in RRC connected mode.
FFS whether to split FG 30-3 into at least 2 separate FGs: 1st one for DG, 2nd one for CG
	[11-6]
	[Per UE]
	FFS No

	30-3a
	Repetition of TB processing over multi-slot PUSCH
	Support repetition of TB processing over multi-slot PUSCH in RRC connected mode.
FFS whether to merge with FG 30-3
	TBD 30-3
	[Per UE]
	FFS No



Proposal 4: Keep current FG structures for DM-RS bundling for back-to-back PUSCH/PUCCH transmissions, and additionally add one FG 30-4h for DMRS bundling among non-back-to-back transmissions, which includes PUSCH repetition type A, type B, TBoMS, and PUCCH repetitions. 
· The prerequisite of FG 30-4h is one of {30-4a, 30-4b, 30-4c, 30-4d}.
· ‘Need of FDD/TDD differentiation’ is ‘Yes’ for FG 30-4a and FG 30-4c, and ‘No’ for other FGs for DMRS bundling.
Proposal 5: Adopt the following revisions for FG 30-5 for dynamic PUCCH repetition. 
	Index
	Feature group
	Components
	Prerequisite feature groups
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)

	30-5
	Slot based dynamic PUCCH repetition indication
	Support slot based dynamic PUCCH repetition indication for PUCCH formats 0/1/2/3/4
support slot based dynamic PUCCH repetition for PUCCH formats 0/1/2/3/4
FFS whether to split FG 30-5 into 2 FGs; one for PUCCH formats 0/2 and the other for PUCCH formats 1/3/4
	4-23 and/or 25-2
	[Per UE]



Proposal 6: Adopt the following revisions for FG 30-6 for Msg3 PUSCH repetition. 
	Index
	Feature group
	Components
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation

	30-6
	Repetition of PUSCH transmission scheduled by RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI
	Support of repetition of PUSCH transmission scheduled by RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI 
	[Per UE]
	FFS No
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